Purpose The purpose of this study was to investigate the correlation of primary tumor FDG uptake to clinicopathological prognostic factors in invasive ductal carcinoma of the breast. Methods We retrospectively reviewed 136 of 215 female patients with pathologically proven invasive ductal breast cancer from January 2008 to December 2011 who underwent F-18 FDG PET/CT for initial staging and follow-up after curative treatment with analysis of estrogen receptor (ER), progesterone receptor (PR) and human epithelial growth factor receptor 2 (HER2). The maximum standardized uptake value (SUVmax) of the primary breast tumor was measured and compared with hormonal receptor and HER2 overexpression status. Results The high SUVmax of primary breast tumors is significantly correlated with the clinicopathological factors: tumor size, histologic grade, TNM stage, negativity of ER, negativity of PR, HER2 overexpression and triple negativity.
Introduction
Breast cancer is the second most common cancer in Korean women [1] . The management and prognosis of breast cancer depend on the size and histologic grade of the tumor, hormonal receptor status and status of human epidermal growth factor receptor 2 (HER2). The positivity of the estrogen receptor (ER) or progesterone receptor (PR) is a predictive factor in a good prognosis and response to hormonal therapy. Triplenegative breast cancers (TNBCs), defined as breast cancers that do not express the genes for ER, PR and HER2, are particularly aggressive with a poor prognosis and higher recurrence rate than other subtypes of breast cancer and do not respond to receptor targeted treatments [2] .
The clinical role of positron emission tomography (PET)/computed tomography (CT) using F-18 fluorodeoxyglucose (FDG) has increased for primary breast cancer detection and diagnosis, staging of locoregional and distant metastasis, and monitoring the therapy response [3] . During the past decades, the application of FDG PET/CT has remarkably improved the management of cancer patients [4, 5] and has shown growing value in the differentiation between malignant and benign lesions in disease staging and re-staging and in therapy planning [6] . The meta-analysis of Yoon [7] showed that the diagnostic sensitivity of FDG PET/CT in patients with breast cancer was 83.8 % in stage I/II and 95.5 % in stage III/IV. Song et al. reported high FDG uptake in primary breast tumors correlated with disease progression [8] , and Kim et al. demonstrated that the metabolic tumor volume of breast cancer was associated with shorter overall survival [9] .
The aim of this study was to investigate the correlation of primary tumor FDG uptake with clinicopathological prognostic factors in invasive ductal carcinoma of the breast.
Materials and Methods

Patients
From January 2008 to December 2011, we retrospectively analyzed the data of 136 patients from 215 female patients diagnosed with breast cancer who underwent preoperative FDG PET/CT at Dongsan Medical Center. Invasive ductal carcinoma was histologically confirmed for all breast cancers. Exclusion criteria were patients who had received neoadjuvant chemotherapy or radiotherapy before undergoing FDG PET/CT for preoperative staging and patients with follow-up periods of less than 24 months. Patients with tumors that were not visible on FDG PET/CT or with tumors that did not have ER, PR or HER2 expression status on the pathologic reports were excluded. The pathologic stage was obtained according to the American Joint Committee on Cancer (AJCC), 7th edition [10] .
All patients underwent mastectomy or breastconserving surgery. At a mean follow-up period of 44 months after surgery, follow-up imaging studies such as ultrasonogram, mammogram, chest CT, bone scan and FDG PET/CT were performed to measure cancer recurrence including local recurrence, regional lymph node metastasis and distant metastasis. The histopathological verification served as the gold standard. The final diagnosis of the lesions detected by imaging studies was established by fine-needle aspiration and/or excisional biopsy. If no histopathological result was obtained, other additional imaging and/or follow-up studies were accomplished for the confirmation of cancer recurrence. This study was approved by the Institutional Review Board of Keimyung University Dongsan Hospital.
Immunohistochemistry
Surgically resected specimens were fixed in 10 % buffered formalin and embedded in paraffin. H&E-stained slides were investigated to confirm the diagnosis. The histologic grade was assessed using the Modified Scarff-BloomRichardson grading system [11] . Immunohistochemistry was performed with an indirect immunoperoxidase method using antibodies directed against ER, PR and HER2. Staining results of HER2 were scored according to the ASCO/CAP (American Society of Clinical Oncology/ College of American Pathologists) guidelines [12] . HER2 values of 0 and 1 were considered negative, and values of 2 and 3 were considered positive. Additionally, fluorescent in situ hybridization (FISH) or silver in situ hybridization (SISH) was performed to validate the HER2 expression status. Positivity for HER2 is either IHC HER2 3+ or FISH amplified (ratio of HER2 to CEP17 of >2.2), according to the ASCO/CAP guidelines.
PET/CT Protocol FDG PET/CT was performed using two different scanners (Discovery STE-16, GE Healthcare, Milwaukee, WI, USA, and Biograph mCT-64, Siemens, Knoxville, TN, USA). The patients were required to fast for more than 6 h, and a blood glucose analysis was done to ensure that the glucose level was below 150 mg/dl prior to the F-18 FDG injection. Patients were encouraged to rest during the F-18 FDG uptake period.
Images were acquired 60 min after intravenous injection of 10 mCi of F-18 FDG. The non-contrast CT scan was performed for attenuation correction and localization. Immediately after CT scanning, the PET scan was acquired from the base of the skull to the proximal thigh. The data were reconstructed iteratively by the ordered subset expectation maximization method.
Image Interpretation
Two experienced nuclear medicine physicians reviewed FDG PET/CT images retrospectively with all accessible clinical data and imaging information. It was considered as a positive result of visual analysis when focal FDG activity that was of higher intensity than that of the surrounding tissues, which could not be related to benign or physiologic uptake, was seen at the corresponding area of other anatomical modalities.
For the quantitative analysis of primary tumor FDG uptake, the maximum standardized uptake value (SUVmax) was measured by a circular region of interest (ROI) around the site of primary breast cancer. Then, the SUVmax was compared between patient groups according to each clincopathological parameter such as tumor size, lymph node involvement, cancer staging, histologic grade and hormonal receptor status.
Statistical Analyses
The data for the study variables were expressed as the mean± SD. Statistical analysis was performed using Predictive Analytics SoftWare (PASW), version 18.0 (IBM, Somers, NY, USA). SUVmax among each clinicopatholgic subgroup was compared using the Mann-Whitney U test for lymph node involvement, ER, PR, HER2 expression status and TNBC. One-way ANOVA analysis was used to compare for T stage, TNM stage and histologic grade, and the Bonferroni correction was applied to a post-hoc analysis of between-group comparisons. Receiver-operating characteristic (ROC) analysis was performed to identify an optimal cutoff value for the SUVmax of the primary tumor. The Cox proportional-hazards model was used for the multivariate analyses. It was regarded as statistically significant when p-values were less than 0.05.
Results
Clinical Characteristics of Patients
The study included 136 patients with an invasive ductal carcinoma of the breast. The mean age of all patients was 53.0 (±11.6) years, the mean follow-up interval was 44 months (range 24-74 months), and the mean tumor size was 2.5± 1.5 cm. Sixty-seven patients (49 %) had T1 (≦2 cm), 60 (44 %) had T2 (2.1-5 cm), and 9 (6 %) had T3 (>5 cm) stages. Axillary lymph node involvement was negative in 78 patients (57 %) and positive in 58 patients (43 %). Forty-one patients presented with stage I (30 %), 67 with stage II (49 %) and 28 with stage III (21 %). Four patients had histologic grade I (3 %), 26 grade II (19 %) and 105 grade III (78 %). Fifty-five patients were ER negative (40 %) and 81 ER positive (60 %). PR was negative in 71 patients (52 %) and positive in 65 patients (48 %). Seventy-nine patients were HER2 negative (58 %) and 57 HER2 positive (42 %). Thirty-two patients (24 %) were TNBC, and 104 patients (76 %) were non-TNBC. During the follow-up periods, 17 patients (12.5 %) had cancer recurrence after surgery.
FDG Uptake in the Primary Tumor According to the Clinicopathological Parameters
The SUVmax of the primary tumor according to the clinicopathologic parameters wis shown in Table 1 . The T2 group showed a significantly higher FDG uptake than the T1 group (10.2 vs. 6.5, p<0.001). There was no significant difference in the SUVmax between groups with or without axillary lymph node involvement. Stage II and III groups had a significantly higher SUVmax than the stage I group (8.8 vs. 6.1, p=0.044 and 10.3 vs. 6.1, p=0.006). The grade III tumor had more FDG avidity than the tumor with grade II (9.2 vs. 5.3, p = 0.003). The ER-negative group had a higher SUVmax than the ER-positive group (p <0.001). The PR-negative group showed a significantly higher SUVmax than the PR-positive group (10.2 vs. 6.1, p < 0.001). The HER2-positive group had a higher SUVmax than the HER2-negative group (9.2 vs. 7.6, p = 0.010). The patients with TNBC had a higher The clinicopathologic parameters and SUVmax in the recurrent and non-recurrent groups are shown in Table 2 . The SUVmax of the primary tumor in the recurrent group was higher than that in the non-recurrent group (9.9 vs. 8.1), but there was no significant difference. The patients with stage I had no recurrence, and seven patients with stage II and ten patients with stage III had recurrences. There were no significant differences in SUVmax between the recurrent and nonrecurrent group in stage II (11.1 vs. 8.5) and stage III (9.0 vs. 11.0). Nine of 81 ER-positive patients had a recurrence, and 8 of 55 patients with ER-negative tumors had a recurrence. Of 65 patients with PR-positive tumors, 6 had a recurrence, and 11 of 71 patients with PR-negative tumors had a recurrence. There were no significant differences in SUVmax according to the ER and PR status between the recurrent and nonrecurrent groups. The ER-negative group had a higher recurrence rate than the ER-positive group (14.5 % vs. 11.1 %), and the PR-negative group had a higher recurrence rate than the PR-positive group (15.4 % vs. 9.0 %). Eleven (19.2 %) of 57 HER2-positive patients and 6 (7.5 %) of 79 HER2-negative patients had a recurrence. There was no significant difference in SUVmax according to the HER2 expression status between SUVmax maximum standardized uptake value, ER estrogen receptor, PR progesterone receptor, HER2 human epidermal growth factor receptor 2, TNBC triple-negative breast cancer the recurrent and non-recurrent groups. However, the HER2-positive group showed a higher recurrence rate than the HER2-negative group.
Disease-Free Survival Analysis
The SUVmax of the primary tumor in the recurrent group was 9.9±4.7 and that in the non-recurrent group was 8.1±5.5. The ROC curve demonstrated that a SUVmax of 6.6 was the optimal cutoff for predicting disease-free survival (sensitivity 76.5 %; specificity 51.3 %; area under the curve 0.629; standard error 0.067). The univariate analysis using KaplanMeier survival curves revealed that the SUVmax of the primary tumor (>6.6 vs. ≤6.6) and LN involvement (positive vs. negative) were significantly correlated with disease-free survival (Table 3) . However, T stage, histologic grade, ER, PR, HER2 and TNBC status were not associated with disease-free survival. In the multivariate analysis using the Cox proportional hazards model, only lymph node involvement was proven to be an independent factor for cancer recurrence.
Discussion
FDG PET/CT has been shown to be useful for the detection and management of cancer. FDG is taken up into cells in the same way as glucose. FDG accumulates in tumor tissue owing to increased glucose requirements and therefore increased glucose uptake [13] . Tumor size, lymph node status, histologic grade and immunohistochemical expression of ER, PR and HER2 are considered important prognostic factors in the management of breast cancer [14, 15] . Some studies indicate that the degree of FDG uptake may provide important clinical and biological information [16] [17] [18] [19] [20] [21] . In this study, the FDG uptake of the primary tumor in 150 patients with primary invasive ductal carcinoma of the breast was evaluated for a SUVmax maximum standardized uptake value, ER estrogen receptor, PR progesterone receptor, HER2 human epidermal growth factor receptor 2, TNBC triple-negative breast cancer correlation with the clinicopathological findings and recurrence rate. It revealed a significantly lower SUVmax in T1 tumors than in T2 tumors. T3 tumors had higher FDG uptake than T1 tumors but showed no significant difference, maybe because of the insufficient number of patients with T3 tumors. Beriolo-Riedinger et al. [22] reported that this could be caused by a partial volume effect of the small size of T1 tumors. Kong et al. [23] reported the axillary lymph node involvement status as that the most powerful predictor of recurrence and survival in women with breast cancer. David et al. [24] reported no significant influence of lymph node status on FDG uptake in primary tumors in patients with tumors larger than 2 cm. This study also found no significant difference between the FDG uptake of the primary tumor and axillary lymph node status. Several studies showed that high-grade tumors showed high glucose metabolism [17] [18] [19] . Kim et al. [19] reported a significantly higher FDG uptake in grade III tumors than in grade I or II tumors. Heudel et al. [25] also observed that grade III tumors have significantly higher FDG uptake than grade I or II. This study is in agreement with previous reports. It is important because the histologic grade is one of the important poor prognostic factors.
This study reveals a considerably higher FDG uptake in ER-negative tumors than in ER-positive tumors. Many recent series showed similar findings. Kim at al. [19] and Koolen et al. [21] also demonstrated that ER negativity increased FDG avidity as compared with ER positivity. The PR negative tumors in this study had a higher FDG avidity than PRpositive tumors, similar to the results of other studies [17, 18, 25] . Heudel et al. [25] observed significantly higher FDG uptake in PR-negative than PR-positive tumors. Further investigations are necessary to understand the relationship between the glucose metabolism and hormonal receptor status of invasive ductal carcinoma of the breast. HER2 positivity showed substantially higher FDG metabolism compared with HER negativity in this study. The correlation between HER2 expression status and FDG uptake of the primary tumor was variable in previous studies. Song et al. [8] and Groheux et al. [18] showed no significant influence of HER2 positivity on the FDG uptake of primary tumors. However, Koolen at al. [21] and Ueda et al. [26] reported a positive correlation between tumor metabolism and HER2 overexpression. Further study is needed to evaluate its precise pathogenesis. Many studies have demonstrated a significantly higher FDG uptake of TNBC than non-TNBC [16] [17] [18] [19] . Basu et al. [17] found that the primary tumor of TNBC had a higher FDG uptake of primary tumor among various subgroups in accordance with tumor size, tumor grade and disease stage compared with the corresponding subgroups within the ER-positive/PR-positive/HER2-negative control group. The present study also showed similar results.
In this study, the patients were divided into recurrent and non-recurrent groups based on the clinical evidence and follow-up morphologic studies such as ultrasonography, CT, MRI and FDG PET/CT. SUVmax on FDG PET/CT showed no significant difference between the recurrent and nonrecurrent group. The recurrent group with non-triple negative invasive ductal carcinoma of the breast had higher FDG uptake of the primary tumor than the non-recurrent group. Furthermore, the univariate analysis showed that FDG uptake of the primary tumor and lymph node involvement are correlated with cancer recurrence, and lymph node involvement was the independent risk factor for cancer recurrence in the multivariate analysis. There were some limitations of multivariate analysis in this study such as variations in treatment modality, the small number of recurring patients and an irregular follow-up period.
Triple-negative breast cancer is extremely aggressive and more likely to metastasize than other subtypes of breast cancer [27] . The overall survival analysis was not evaluated in this study, but there were some studies on the overall survival of TNBC. Rebecca et al. [28] demonstrated that the risk of death from breast cancer remained higher for the triple-negative group up to 5 years from diagnosis, and the median survival time from recurrence to death was significantly shorter than that for women with other types of tumors. Another study [29] showed the relative survival for women with triple-negative breast cancer was poorer than for women with other types of breast cancer, with 77 % of women surviving 5 years after diagnosis compared with 93 % survival for other breast cancers.
In conclusion, the FDG uptake of the primary breast tumor on preoperative PET/CT has a strong relationship with known prognostic parameters of breast cancer and could be useful to predict poor prognosis. PET indices are expected to enable better follow-up of patients with operable breast cancer and aid in making appropriate treatment decisions for these patients.
